Effects of differentiation on the transcriptional regulation of the FGF-4 gene: critical roles played by a distal enhancer.
Embryonal carcinoma (EC) cells are used widely as a model system for studying the expression of developmentally regulated genes, in particular genes that are regulated at the transcriptional level when EC cells differentiate. This review focuses on the molecular mechanisms that govern the transcription of the fibroblast growth factor-4 (FGF-4) gene, which appears to be the first FGF expressed during mammalian development. Interest in this gene has increased considerably with the finding that FGF-4 is essential for mammalian embryogenesis. The FGF-4 gene has also generated considerable interest because it is inhibited at the transcriptional level when EC cells undergo differentiation and because this gene is regulated by a powerful distal enhancer located 3 kb downstream of the transcription start site in the last exon of the gene. Hence, study of the FGF-4 gene is likely to shed light on the molecular mechanisms by which distal enhancers regulate gene expression. In addition to being regulated by the downstream enhancer, the expression of this gene is influenced by a regulatory region located just upstream of the transcription start site, which contains two Sp1 motifs and a CCAAT box motif. Examination of the downstream enhancer has identified three functional cis-regulatory elements: a high mobility group (HMG) protein binding motif, an octamer binding motif, and an Sp1 motif, which are likely to bind Sox-2, Oct-3, and Sp1/Sp3, respectively, in vivo. Interestingly, Sox-2 and Oct-3 expression, like FGF-4 expression, decreases when EC cells differentiate, which suggests that the loss of these transcription factors is responsible, at least in part, for the transcriptional turn-off of the FGF-4 gene. In view of these and other findings, we present a model for the differential expression of the FGF-4 gene that includes not only the contributions of specific transcription factors, but also the contribution of chromatin structure before and after differentiation.